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Microelectronics, new materials, sensors, IT hardware have reduced cost, time to
manufacture a satellite

Small satellites: easier and quicker to build, affordable to launch
Benefiting from lower launch costs

Small satellites have enabled the development of constellations

New mission concepts: RADAR, space exploration, space internet

The Small Satellite
Revolution



Small Satellites: Size matters

THE SWARM COMETH

Small, light and cheap satellites could transform Earth observation.
How they measure up to their larger brethren:

- i

1m
DOVE SKYSAT LANDSAT 8 WORLDVIEW-3
Operator: Planet Labs Skybox Imaging NASA DigitalGlobe
Number of satellites*: 32 24 N/A N/A
Weight: ~5 kg ~100 kg 2,071 kg! 2,800 kg
Instruments: Optical and Optical and near- Multiple spectral bands Multiple spectral bands
near-infrared spectral bands infrared spectral bands
Spatial resolution: 3-5m ~1m 15-100 m? 0.3-30 m?

*When fully operational ! Without instruments ' Depending on spectral frequency
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Cubesats/nanosats

Minisatellite, 100-500
kilograms

Microsatellite, 10-100 kilograms
Nanosatellite, 1-10 kilograms

1U 1.5U 2U 3U 6U 12U
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PSLV Nanosat deployment (2017)




Launching Small Satellites - ISS
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O TOTAL COVERAGE

Internet to everyone,
everywhere on Earth

€ A REVOLUTION ——
IN SATELLITE
MANUFACTURING

No one has ever built a
satellite in one day... we
will build several every
day!

“— 9 GLOBAL LOW EARTH
ORBIT CONSTELLATION
Providing high-speed internet
connectivity equivalent to
terrestrial fiber-optic networks
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Previous Small Satellite Projects
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Small Satellite Constellations
More data/high revisit time
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Advantages of Small Satellites

 Low Cost/use of COTS (Commercial off The Shelf) microelectronics

« Common technology with other sectors (Defence, Robotics, IoT,
Mobile Communications, Drones)

« Short manufacturing time (< 12 months)
— Leads to increase of Return of Investment (ROI)

— Science/commercial data return in months from the formation of a
project idea

« Small satellite low costs enables constellations of satellites which can
Increase the revisit time over a specific area/location, e.g. a 20 cubesat
constellation has a revisit time every ~2-4 hours (500 km sun synch)

 Low launch costs (secondary payload):
— 3U Cubesat €100-250,000
— 50 kg Microsat €1,000,000-2,000,000
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Small Satellites — Technology Transfer

Small satellites are important tools to create space
technology capabillities for developing countries, universities
or for start ups




smaize.  The Business Case of Smallsats
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- Small Satellite market: US$ 8.8 bn, > 12% growth
annually*
* 1 € spent from the European tax payer on smallsats, results to
==
a return of up to 10 € aratio 1:10 X »
= *.
500 - o
Constellation
400 -
Constellations
300 - will account for
70% of the
= Single satellite mission future demand
100 -
Smallsat demand
0 - — Tttt ISexperiencing a

2007 2009 2011 2013 2015 2017 2019

Increase x 7

* PROSPECTS FOR THE SMALL SATELLITE MARKET // AN EXTRACT
DOTO from Eﬂ@ © Euroconsult 2017 — Approved for public release



AVATTTUEN ~ MPoPAEPELS (1)
Projections > 2,400 nano/microsatellites will require
a launch from 2017 through 2023
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= Avarttuén — MNpoPAcyerg (I1)
Over 250 small satellites launched in 2017
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B Nano/Microsatellite Trends by Purpose

Communications

Earth Observation/
Remote Sensing

|

43%

Scientific

Historical
(2009 - 2016)

Technology

Communications

Scientific

Technology

SpaceWorks
Forecast
(2017 - 2019)

Earth Observation/
Remote Sensing

Source: SpaceWorks




[MpoPAEPELC YO TNV KATOOKELN
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e 2,000 - 2,750 nano/microsatellites will require a launch from 2014
through 2020

« Nano/Microsatellite CAGR (Compound Annual Growth Rate):

— Historical average growth of 37.2% per year over the last years
(2009 — 2016)
* [ToAAEg Start-Ups/SME’s ekuetaAAevovTal To XapnAd KOOTOG/GUVTONO
XPOVO TTapaywyrn¢ KATaokeUuNng (< 12 YAVEG) MIKPOdOPUPOPWV
— 0Odnyei otnv augnon tou Return of Investment (ROI)
— Néeg dlaoTnuikEG epapuoyeEc small satellites: Internet of Things,

space weather, SAR (on a cubesat!), deep space exploration, large
earth observation constellations
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« XaunAé kéoTtog kKataokeung/uioBétnon COTS (Commercial off The Shelf)
NAEKTPOVIKWV/HIKPOETTECEPYAOTWV

* TexvoAoyia (UAIKG, UTTOOUOTAHATA, NAEKTPOVIKA) €ival EUTTOPIKA 6|a9£clpr| KAl OpoIa JE
aAAoug Topeic (UAVS, robaotics, |0T, microelectronics, mobile comm’s)

* 2ZUVTOHO XPOVO TTapaYWYNG KATAOKEUNRGS (< 12 PNVEG) HIKPOOOPUPOPWYV
— 0Odnyei otnv augnon tou Return of Investment (ROI)

— EmoTnUOVIKA/EUTTOPIKA ATTOTEAEOUATA O€ MOAIG 12-24 uveg atro Tnv Evapén
oxediaong KATAOKEUNG

* To XaunAod K6OTOG HIKPOSOPUPSPWY ETITPETTEI TNV dNHIOUPYIA ‘CUCTOIXIWV’
(constellations) TTou emTPETTEI TNV AUENON TNG CUXVOTNTAG ETTAVETTIOKEYNG (revisit
time) mdvw atd 10 idio onueio, X 20 cubesats/revisit every ~2 hours (500 km sun synch)

* XapnAd (OXETIKA) KOOTOG EKTOLEUONG WG OEUTEPEUOV POpPTio (Ssecondary payload):
— 3U Cubesat €250,000
— 50 kg Microsat €1,000,000-2,000,000

— Main Launchers: PSLV (India), VEGA (ESA), SpaceX Falcon 9 (USA), Soyuz/Dnepr
(Russia)

— Avartrrugn TToAAwYV VEwV dlaoTnIKwy ekTogeuTWV (New Glenn, Electron etc)

— H TakTIK Kol ouxvh TTpocfaon otov AiOvi AlaoTnpIKO ZTaBuo (ISS) aAAG Kkal
N au¢non Tou PUBUOU EKTOLEUCEWY EXEI MEIWOEI TO KOOTOG EKTOLEUONG




g Venture Capitalist Funding
Small Satellites

Venture Capital
and Equity

« Private funding may exceed government
funding by an order of magnitude or
more

— Nearly twice as much venture capital
was invested in space in 2015 than the  ggpesyyys

Company Financing
through 2016

(Millions)

previous 15 years, combined constellation $1,719
— Non-traditional investors SpaceX $1.185
: constellation ’
— Coca Cola in OneWeb Planet
: $171
constellation
European SME/start ups pe VC funding: gy'_“eta $;g;
pire
- lceEYE (€130M), Finland Industries/ $45
Blacksk
$43
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- Small Satellite Start Ups — Just some Examples

« Start-up space ventures have attracted over $1.84 billion of
Investment, since 2000
— NanoAvionics, Lithuania, cubesat systems, VC >€5 million (2017)
— D-ORBIT, Italy, deorbiting systems, VC >€2 million (2015-2017)
— PlanetLabs, USA, cubesats, EO apps, VC > $198 million (2013-2017)

Venture capital investment in space companies

$1,800 million S e $1.8 billion —
The 2015 total includes a

$1 billion stake in SpaceX and a
1.350 $500 million investment in OneWeb.

900

450




DAWN OF THE ENTREPRENEURIAL SPACE AGE

EAAHNIK|

Equity Investments From 2009 To Present

Governmental Entrepreneurial
Space Age Space Age

1969 2009 2010 2012 2014 2015 2018 S1 8 B
Apollo landed SpaceXfirst SpaceX SpaceX Dragon NanoRacks SpaceX SpaceX Cumul ative
on the moon successful publishes becomes first launches lands orbital Falcon Heawy
launch of launch prices; commercial commercial booster, unlocks
commercial introduces space vehicle to deployment ushers in commercial
payload market berthwith 1SS vial3s reusability deep space
ransparency operations

nvestment In
Space’

1969 1983 2009 2010 2012 2013 2015 207




Small Satellite Start Ups — Just some Examples

ThrustMe, France, micropropulsion, VC >€5 million (2017)
NanoAvionics, Lithuania, cubesat systems, VC >€5 million (2017)
D-ORBIT, Italy, deorbiting systems, VC >€2 million (2015-2017)
PlanetLabs, USA, cubesats, EO apps, VC > $198 million (2013-2017)
SPIRE, USA/Luxemburg, weather info, VC > $139 million (2015-2017)
SATELLOGIC, USA, Earth Observation, VC > $31.5 (2017)

Space VC Investors: Draper Fisher Jurvetson, O'Reilly AlphaTech Ventures,
First Round Capital, European Investment Fund, CrunchFund,
FundoPitanga, Tencent Holdings, Lockheed Martin Ventures

VC investment is small in VC/finance standards (10’s of millions vs
billions), but these investments are HUGE for the space industry/start
ups
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UoP-SAT: Open Source Nanosatellite — Made in Greece (2(



UPSAT Deployment from ISS
May 18, 8:30 am UTC - 2017







[ ]
<. EAAHNIKH AHMOKPATIA
"‘ Edvikév kot Kanodiotprakév r< I I ' I e e S
5, Mavenmetapiov Adnvodv
APYOEN TO 18

A Low Cost, Innovative, Hyperspectral Cubesat
Mission

Projec’r Team
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treecm-Archimedes Mission Technical Description

s00 | PRISMA A Detailed assessments,
EnMAP . onitoring with
from space infrequent coverage
n
E 100 3 Archimedes @.HyperCube Largle sc.ale a'.r.sessments,
a8 p monitoring with frequent
= i 4 coverage
g i % Aaito-1 [y )
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1|  HRG pan ) : ’
Liss-ic ETM pan ETM tir
11 T T ST TR T T
1 10 100 1000 10 000
Spatial resolution (GSD in meters)
Parameter Value
Platform Size/Mass 3U, 5kg
Spatial Res. (450 km) 15m
Swath (450 km) 15 km
No. Spectral Bands 100
Spectral Range 470-900 nm

Pointing Accuracy

<0.1 deg RMS all axes

Transceiver VHF/UHF

92600 Up/1200bps Down

High Speed X-band 50-100 Mbps
Solid State Storage 1.5-2 TB
Power (Ave) < 20W




Archimedes Cubesat Platform Design
o Deployable

Antenna Solar Panel—

//"D:pl,oyoble

Solar Panel

N

AntennO——— et -
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HyperEYE
Optics

o |
'
|

HyperEvE HyperEYE o8C | EPS
Avionics HyperEYE | A?z?onics —
Opfics ADCS VHF/UHF
Structure —
ADCS .
ﬂ/ \{/ OBC

X Band VHF/UHF Band ARM Cortex M3 OBC = 12CBus

Downlink Transceiver - Power
OBC\ SSD 1TB

ES+SS+STC
Sensors

GPS

HyperEYE (15-m)

LiPo Lis
battery battery

CubeDRAG

ARM Cortex 3x RW
EPS M3 OBC 3xMTQ

DTN Router

Power System AOCS Payloads
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NN
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Primary X Band 4 Data Storage Centre
(Patras & Shanghai) | (Primaly =Patras)

Data Processing Centre
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= 999
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Data Storage Centre

Back-up UHF/VHF *] _ (Back-up — Patras)

(Shanghai)
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Archimedes @ Game changing Innovations

* An autonomous, super compressed on-board chain
to select, compress hyperspectral data: High volume
data storage (SAMSUNG SSD), Image
compression/processing (ARM, ALMA Technologies)

* An X-Band downlink capability to transmit high
volume data (50-100 Mbps)

High Specific power LiS Battery (400W/kg) y 5

» Low cost drag sail for deorbiting CubeDRAG

* Aninnovative Delay Tolerant Network (DTN) router

payload (CCSDS compatible)

ppppppppp

Physical s Rt B




J— The Science Case: Complementing the Sentinels
Hyperspectral Imaging
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« Hyperspectral data contains both spatial and spectral information from materials
within a given scene.

» Pixels are sampled across many narrowband images at a spatial location within
the "spectral cube", resulting in a one-dimensional spectrum.

» Used to identify and characterize an object within a scene, based on unique
spectral signatures or "fingerprints",

Spaceborne
hyperspectral sensor

Panchromatic Multispectral Hyperspectral

Data Data Data Swath width of
: N - imaging sensor
b Soil
c
©
°
4
E m
Wavelength
3 Water
=
©
©
L
ko)
o
c
i o Wavelength
Vo
2 ] Each pixel contains
V£ a sampled spect 3 i
= 4] pectrum e Vegetation
¢ | that is used to identify 8
the materials presentin g
the pixel by their ‘S
reflectance «
Wavelength

Spectral images
taken simultaneously




Archimedes Added Science Value to
Copernicus

« The combination of high spectral and spatial resolution of HyperEYE is
expected to result in new unprecedented detailed, accurate
vegetation maps.

Pindus National Park maps (produced by National Observatory of Athens team)

Soil-Understorey

Forest species abundance
maps (beech, pine and
understorey/soil) using
3 /CHRIS/PROBA hyperspectral

03 (spatial resolution 34m)

Sentinel-2 based
abundance maps
(spatial resolution 10m)




Archimedes: A Space Technology Catalyst

L]
e
&
[ _% _*—
2 R e
Archimedes EnMAP Sentinel-2A
Satellite Archimedes EnMAP Sentinel-2
Mass (kQ) 5 970 1140
GSD (m) 15 30 30-60
Storage (GB) 1512 512 2400
Data Rate (Mbps) 100 320 560
Cost (EM) <0.5 90 195
Dev. Time (Yrs) <] 12 8
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PLANET Labs (USA)

« > 180 3U Cubesats in orbit, 4-5m resolution, Earth

100+ 7+ PB GUI & API

.
NANO SATELLITES P+ SIDE SEPARATION
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OneWEB

> 2$B investment, >900 small satellites (350 kg), broadband comms

US company, Airbus (France) manufacturer
Satellite assembly in Toulouse and USA (Canaveral), 2 satellites/per day!!!

(O TOTAL COVERAGE
/ Internet to everyone,
everywhere on Earth

€ A REVOLUTION ——
IN SATELLITE
MANUFACTURING

No one has ever built a
satellite in one day... we
will build several every
day!

“— 9 GLOBAL LOW EARTH
ORBIT CONSTELLATION
Providing high-speed internet

connectivity equivalent to
terrestrial fiber-optic networks
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- S Earth-1 (UK) Constellation

VIVID-I

« €10 Million VC funding raised to date
« Platforms built by SSTL (UK)
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ICEYE (Finland)

o 25 satellite 6U Cubesat constellation in 600 km orbit, first satellite in 2018
e 5-10m resolution

« Start up company based in Finland, has raised over €15 million VC
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M-:;smz\lsl ADS-B, VTS Ship Tracking with nanosats

GOMSpace GOMX-3 ADS-B Flight Tracking in 2016
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AIS, VTS nanosat Constellation

« Use Software Defined Radios (SDR) for AIS, VTS and spectrum
monitoring
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InflateSAIL Deorbiting System/Mission
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= Technology Demonstration




~ RemoveDEBRIS: Debris Capture with Net
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Space Exploration Nanosats




Deployable Optics




R Reconfigurable Space Telescopes
(e.g. Persistent Monitoring from GEO)

':' .;‘3" Edvikév kot Kanodiotprakév
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2ZUUTIEPATUATA
* Mikpodopupopot
— Industry 4.0 (revolution), NewSPACE (new start
ups/products)
— Small entities/academia can easily get involved
— Can get an ‘idea’ to orbit in months

e AuVOTOTNTEC ONUOVTIKWY CUVEPYELWV UE EAANVIKK
MNavemotnua / EAAnVIKN Blounxavioa

— ANUIOVPYILO VEWV UTINPECLWV/TIPOLOVTWVY O OLEOVEC
eTTiTESO

e Anuovpyla VEwV Becewv epyaciag/OlKOCUOTHUATOC






